INTRODUCTION
Bipolar disorder is a cyclic and chronic disorder characterized by periods of mania, depression and remission. The lifetime prevalence is estimated to be 0.5-1.6% 1 . Residual symptoms, emotional dysregulation, sleep and circadian rhythm disturbances, cognitive impairments, medical and psychiatric comorbidity can be seen not only in the active periods of disorder; they can also be frequently present in between mood episodes 2 .
Research on cognitive structure of bipolar disorders has increased during the last 10-15 years. These studies have shown that cognitive impairments include impairments in selective attention and attention maintenance, recall and recognition memory, verbal learning, verbal fluency, reaction time, psychomotor, and executive functions [3] [4] [5] . In addition, it has been reported that these impairments can be found at all periods of the disorder 6, 7 , including remission 8 . It has also been claimed that cognitive deficiencies were present in patients in the premorbid period [9] [10] [11] and in non-affected first degree relatives of the patients 12, 13 . It was suggested that these impairments may develop due to five different etiologies including iatrogenicity, duration of active disease, neurodevelopmental or neurodegenerative processes, and genetic predisposition 14 . It is thought that there is a possible role for a molecular-genetic basis associated with the quality of performance on different cognitive processes in bipolar disorder compared to schizophrenia 15 . Disease duration, frequency and nu m b e r o f e p i s o d e s , s l e e p d i s o r d e r s , hypercortisolemia associated with depressed and manic periods, subclinical hypothyroidism due to lithium, anticholinergic drugs and associated substance use disorders may influence cognitive functions 3 . Although the prevalence rates of these deficiencies are unknown, it is accepted that these they impair the social and occupational functioning of patients 16 , worsen the disease 11 and predispose the patient to exacerbations 3, 15, 18 . Despite numerous studies on cognitive functions in bipolar disorder, there are limited studies comparing the three episodes of the disorder (manic, depression and remission) with a healthy control group [19] [20] [21] . Two of them were conducted in independent groups 19, 20 and one was in a dependent group 21 . All of them had a wide range of age and very small groups when gender was also taken into consideration. The effect of gender on cognitive functions has also been ignored. Therefore, the study results can not be generalized. In this study, we aimed to investigate cognitive functions in the manic, depression and remission periods of bipolar disorder by comparing with a healthy control group. 
METHODS

This study was conducted in Gulhane Military
Subjects
The study consisted of male subjects between the ages of 20-45. Patients who were hospitalized or followed up at the outpatient clinic, diagnosed with bipolar disorder by the SCID-I (The Structured Clinical Interview for DSM-IV Axis I Disorders) and were currently manic, depressed or in remission for the last 3 months were included in the study. Patients who had scores of 8 points or less on the Hamilton Depression Rating Scale and 6 or less on the Young Mania Scale were accepted as patients in remission. Patients who were diagnosed with bipolar II disorder, mixed episode, manic or depressive episodes with psychotic features were excluded from study. Patients who had not completed eight years of basic education, who had mental retardation or another significant psychiatric disorder also including substance abuse or dependence, neurological or medical diseases, those using drugs for medical illnesses, patients with a history of substance use during the last week or who were being treated involuntarily were also excluded from the study. The healthy control group consisted of volunteers who had no previous psychiatric, neurological or medical illness and who had no complaints and were not taking any treatment. All the patients were using psychotropic drugs. The drugs used included lithium, valproic acid, olanzapine, quetiapine, risperidone, escitalopram, and propranolol. The study was approved by the local ethics committee.
Assessment Tools
Cognitive assessment tests were administered by the same person under appropriate conditions. All tests were done in two sessions separated by an interval of 15 minutes between the hours of 1300-1600 in the afternoon. The order in which the tests were given was changed in all patients to prevent the row effect.
Structured Clinical Interview for DSM IV (SCID-I):
This tool was developed by First and colleagues in order to investigate Axis I psychiatric disorders according to the DSM-IV 22 . A Turkish validity and reliability study has been conducted 23 .
Hamilton Depression Rating Scale (HDRS):
The original form prepared by Hamilton and which has been used to measure the severity of depression was a 17-item scale 24 . A reliability and validity study of the Turkish version has been conducted 25 .
Young Mania Rating Scale (YMRS):
This scale was developed by Young and colleagues to rate the severity of mania 26 . It includes 11-items each of which is rated on a five point scale. A reliability and validity study has been conducted in our country 27 .
Serial Digit Learning Test (SDLT):
The SDLT was developed in 1943 by Zangwill 28 . It consists of a mixed series of digits ranging from 1 to 9. The digits are read in succession, and then testee is requested to remember and repeat the number set verbally in the correct order. This procedure is repeated a maximum of 12 times. When the testee recalls the digit series correctly the test is terminated. Standardization to Turkish culture was made within the BİLNOT battery [29] [30] [31] .
Auditory Verbal Learning Test (AVLT):
The original form of the AVLT which consists of word lists was developed by Rey, 1964 32 . The AVLT is a versatile test measuring information processing of verbal material. Verbal learning, immediate memory span, retroactive interference, free recall and recognition memory are among these processes. AVLT performance decreases with age, increases with high intelligence and is affected by gender. The validity and reliability study of the Turkish Form of the AVLT was conducted within the scope of a multi-approach research study 33 .
Cancellation Test (CT):
The CT, developed in 1985 by Mesulam 34 , is a test used to measure sustained attention, ie. vigilance. The CT has four sub-tests in which ordered letters, ordered figures, random figures and random letters are used. Finding and marking 'A' letters in the subtests using letters and finding and marking "repeats of a certain shape" in subtests using shapes is required. Mesulam (1985) has indicated that there is a sensory component associated with perceptual errors, a motor component for screening and finding stimulants and an instinctive component including emotional characteristics for CT performance 34 . Different studies have shown that the test measures visual screening, response speed and impulsivity. Standardization was made within the BILNOT battery [29] [30] [31] .
Stroop Test TBAG Version:
This test was first developed by Stroop, 1935 35 . It consists of five cards: the 1 st card is composed of black and white words, the 2 nd card color names, the 3 rd card the colors of the circles, the 4 th card of color words and the 5 th card is composed of different colored word colors (for example, the word blue is written in red). The fifth card is considered to be the most important card of the test and the Stroop interference is measured with this card. Stroop interference is obtained, when the color used in the writing of the word is different from the color indicated by the meaning of the word. Stroop tests reveal the ease of changing perceptive installation in accordance with the demands and, under a "disturbing effect", suppressing a familiar pattern of behavior and the ability to make an unusual behavior. These features are associated with frontal lobe activity. The standardization study was done within the BILNOT battery 29, 30 .
Statistical Analysis
Statistical analysis was performed with using SPSS, Windows, 15.0 (Chi., IL, USA 
RESULTS
Sociodemographic and Clinical Features
A significant difference was found between the ages of the healthy control group when compared with the patients in the manic, depression and remission groups ( χ 2 : 37.433, p= 0.00000004). At the end of the bilateral group comparisons it was found that the ages of the depressive and healthy control groups were rolder than those of the manic and remission groups (p<0.0083). There was no difference between groups in terms of education levels (p≥0.05). The demographic and clinical characteristics of the cases are given in Table 1 . When all of the patients (n=51) were considered, it was found that mean disease duration was 6.4±4.8 years (1-20 years), the average number of hospitalizations was 2.3±1.8 (from 0-8), the average total number of episodes was 5.0±3.7 (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) , mean number of depressive episodes was 2.1±2.2 (0-10) and the mean number of manic episodes was 2.7±1.9 (1-10). No difference was found between the groups in terms of onset of illness, hospitalization, and the total number of manic episodes (p≥0.05). The number of depressive episodes was found to be higher in patients with depression compared to the other groups (p<0.01).
Cognitive Assessment
Stroop test duration scores of the first card were found to be higher (much worse) in the depressive patients than other three groups (p<0.01). Duration scores of the second card were higher in the depressive patients than in the normal and remission groups (p<0.05). Duration scores of the fifth card were higher in the depressed patients than in the normal patients, and higher in the manic patients than in the normal and remission groups (p<0.01).
For the random figures subsection of the Cancellation Test, the number of correct responses was lower in the depressed patients than in patients in remission (p<0.01), but the number of incorrect responses was higher than the other three groups (p<0.05).
In the Serial Digit Learning Test, the performance of learning was worse for the manic patients than the normal and remission groups and for depressive patients than normals (p<0.05).
When we considered the Auditory Verbal Learning Test, the performance of the manic patient group was worse than that of the normal and remission groups (p<0.05). In terms of number of words learned in the first trial (immediate recall) the results did not differ between groups (p≥0.05). When compared with the normal and remission groups both the "first learned" had an adverse influence on "afterwards learned" and the "afterwards learned" adversely influenced the "first learned" (proactive and retroactive interference) in manic patients (p<0.01). All cognitive assessments are given in Table 2 .
The Relationship Between Attention and Memory Functions
The correlation between the determined attention and memory functions in the manic and depressive groups are given in Table 3 . It was found that some attention subtests were negatively correlated with the memory test and subtests (p<0.05).
While the age and the number of depressive episodes of patients differed between the groups, cognitive performance was thought to be affected by these two parameters. A one-way analysis of covariance was conducted to determine whether statistically significant cognitive test results were affected by age and the number of depressive episodes. At the end of the analysis, it was found that the age had no effect (P≥0.05) and the number of depressive episodes affected duration scores of the 1 st and 2 nd cards (F= 7629, P= 0.009 and F= 7040, P= 0.011, respectively). 
DISCUSSION
In this cross-sectional case-control study, we investigated whether or not cognitive functions are different in manic, depressive, and remission periods of bipolar disorder when compared with a control group. Unlike previous studies on the subject [19] [20] [21] , we studied only young adult males using a relatively large sample. In our study, cognitive function tests that measure attention and memory functions, information processing speed and learning ability were used. Overall, it was found that attention, memory and learning functions were worse in manic and depressive patients than healthy controls and patients in remission and that the number of depressive episodes had a negative effect on attention functions. No difference was found between patients in remission and healthy controls. Attention functions were negatively related to memory functions in manic and depressed patients.
Attention functions were measured with the Stroop Test (ST) and Cancellation Test (CT). The ST is considered to be the gold standard for evaluation of attention functions. This test measures the ability to process stimuli with and without attention in parallel, informationprocessing speed and the strength of automatic processes to withstand adverse effects in the presence of facilitating and blocking factors 31 . The test consists of 5 cards and Stroop interference is measured with the 5th card. The other cards are considered to be exercise cards. The total duration of the test has been reported in similar studies with the ST 20, [36] [37] [38] . While analyzing data from this study, the duration of each card and the error and correction scores of the 5 th card were taken into consideration. In our study, the duration scores of the first two cards were found to be longer than the other groups in depressed patients. This result suggests that the rate of reading was slower in depressive patients. In addition, the number of depressive attacks had an effect on this result. Fifth card reading time that measures the ability to withstand any negative effect (Stroop interference) was longer in depressive and manic patients than in the other groups. This shows that providing initial motivation and compliance to the test for depressed patients was more difficult. In addition, both manic and depressive patients were more affected by distracting and disruptive influences. Conflicting results have been found in similar studies with ST. While in some studies the attention of patients in remission was similar to healthy control groups 36, 38, 39 , others found low performance 37 . However, these studies considered only remission cases. In another study that compared a mixed mild depression, mania and remission group with healthy controls, the subjects' performance in the Stroop test was determined to be worse than that of the controls 40 . In a study of bipolar twins, the relationship between Stroop interference and depressive symptomatology was emphasized 41 . In two similar studies that compared periods of bipolar disorder with healthy controls 19, 20 , ST performance was lower in patient groups, including in the remission period, than in healthy controls. In accordance to our study, manic patients' performance was also lower than that of remitted patients in the study of Dixon, 2004 20 . Malhi (2007) found that ST performance was lower in depressed patients when compared to patients in remission and hypomania 21 . The cause of differences is thought to be a result of the relatively older age of thesubjects of the studies of Martinez and Dixon who selected patients with longer disease duration and a higher number of episodes.
There were no differences between the groups at the start of the CT. In the more difficult part of the test, random figures, the performance of depressed patients was worse than the other groups. The data from the CT supports the results of the ST. In studies of CT, poor performances were reported in depression 42 and bipolar patients 43 . Our study supports these studies.
Memory and learning functions was assessed with the Serial Digit Learning Test (SDLT) and the Auditory Verbal Learning Test (AVLT). Generally, the memory and learning functions of manic and depressive patients were lower than controls and patients in remission. In manic patients, it was seen that "first learned" blocked "new learned" and vice versa (proactive and retroactive interference); thus, the first learned were mixed with later learned in manic patients. In contrast with our study, some studies conducted with the AVLT 36, 38, 44 found that patients in remission had lower performance than healthy controls. In one study that evaluated periods of bipolar disorder except remission 21 , memory disorders have been reported in active periods of disease (hypomanic and depressive), but not in the remission period. In another study 19 , it has been alleged that verbal learning and memory functions are impaired both in active disease periods and in remission.
In our study, impairments of attention and memory functions were determined in patients with depression and manic disorders. Whether memory functions were associated with the functions of attention was evaluated by Pearson's correlation analysis. It was found that some attention subtests were negatively related to memory test and subtests. Many tests and subtests of attention were not associated with those of memory. Because of the small sample, regression analyses were not performed for determining rates of relation. However, these results may indicate that impairments in memory functions in manic episodes are not only caused by attention functions, they might also be complex. Martinez (2004) suggested that impairment in memory functions stems from the recognition, save and recall functions of memory 19 . Studying with only male subjects and relatively small sample size prevents the generalization of results. When the sex effect results of some cognitive tests 31 are considered, our study was conducted in a relatively larger male sample compared to previous studies [19] [20] [21] . In addition, when one considers that the effects of gender have been overlooked in the analysis of the data in these studies, the value of our work is increased.
The most important limitation of our study is that all patients were taking medication which may have affected the cognitive tests during assessment. Although one study that compared remission patients, who were not using drugs suggested that there was no difference between the results of neuropsychological tests 45 , impairments in cognitive functions may also be due to drugs, not just the disease [46] [47] [48] . We did not stop these drugs due to ethical issues. In almost all similar studies, it was stated that patients were using psychotropic medications while the tests were applied [19] [20] [21] 36 . Drug use is seen as the most important issue in similar studies that will never be escaped. Another limitation of the study is that the mean age of the control group and depressive patients were higher than the patients in the manic and remission phases. Age has a negative effect on the test results 31 . Our sample consisted of patients between the ages of 20-45. The effect of age is relatively low in this age group. In our study, analysis of covariance was applied to the test results showing significant differences and as a result of this analysis there was no effect of age on outcomes.
In conclusion, despite some limitations of our study, our data have shown that impairments in attention, memory, information processing and learning functions of bipolar patients are specific to the depressive and manic periods of the disorder and no effect was present in the remission period. Also, it is noteworthy that the impairment in memory functions in the manic episode was not only due to an effect of attention functions. Future studies should be conducted by ensuring drug homogeneity and the cognitive functions of the same group of patients should be examined in different stages of the disease.
